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INTRODUCTION
Stem cells are defined as self-renewing, multipotent cells
that have the capacity of multilineage differentiation (1). The
multipotential, self-renewing neuronal stems cells have been
identified in adult mammalian brain in the past decade (2).
Two germinal regions are known to persist in the adult mam-
malian brain possessing the neuronal stem cells: the subven-
tricular zone (SVZ) of the lateral ventricle, and the subgran-
ular zone (SGZ) of the hippocampal formation (3). It was also
reported that infusion of epidermal growth factor (EGF) or
fibroblastic growth factor (FGF) into the brain ventricles dra-
matically expanded the SVZ cell population (4).
A peculiar brain tumour called ‘‘central neurocytoma (CN)’’
has been reported to develop in the SVZ area of the lateral
ventricle (5). The CN is known as a well-differentiated neu-
ronal tumour characterized by having synaptic structures,
clear and dense-cored vesicles, and parallel microtubular struc-
tures. However, several reports have issued that CN had the
capacity to differentiate into both neurons and glia in in vitro
culture environment (6-10). 
The authors reported a case with an experience of In vitro
primary culture of CN, which showed different morpholo-
gy and phenotypes of neuron and glia depending on the dif-
ferent culture condition. 
CASE REPORT
A seventeen-year-old female patient was admitted present-
ing sudden-onset of headache and vomiting. No focal neu-
rological deficit except papilledema was found. Brain mag-
netic resonance imaging (MRI) demonstrated a tumour in
the left lateral ventricle (Fig. 1A). The tumour was subtotally
removed and confirmed as a CN (Fig. 1B). For the residual
tumour in the left lateral ventricle, gamma knife stereotac-
tic radiosurgery (GK SRS) was done at fifteen months after
the initial surgery (Fig. 1C). She had lived well without any
overt symptom until tumour recurrence was found in the 4th
ventricle in the follow-up MRI taken at 5 yr after initial sur-
gery and 45 months after GK SRS (Fig. 1D). The tumour
in the 4th ventricle was resected, which was proven the same
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Primary Culture of Central Neurocytoma: A Case Report
A seventeen-year-old female patient was admitted with sudden-onset of headache
and vomiting. Brain magnetic resonance imaging demonstrated a heterogeneous-
ly enhancing tumour in the left lateral ventricle. The tumour was removed and con-
firmed as a central neurocytoma (CN). For the residual tumour in the left lateral ventri-
cle, gamma knife stereotactic radiosurgery was done at fifteen months after the ini-
tial surgery. Tumour recurred in the 4th ventricle at 5 yr after initial surgery. The tumour
was removed and proved as a CN. In vitro primary culture was done with both tumours
obtained from the left lateral ventricle and the 4th ventricle, respectively. Nestin, a
neuronal stem cell marker was expressed in reverse Transcriptase-Polymerase
Chain Reaction of both tumors. Both tumours showed different morphology and
phenotypes of neuron and glia depending on the culture condition. When cultured
in insulin, transferrin selenium and fibronectin media with basic fibroblast growth
factors, tumour cells showed neuronal morphology and phenotypes. When cultured
in the Dulbeco’s Modified Essential Media with 20% fetal bovine serum, tumors cells
showed glial morphology and phenotypes. It is suggested that CN has the charac-
teristics of neuronal stem cells and potential to differentiate into mature neuron and
glial cells depending on the environmental cue.
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pathology as the previous one (Fig. 1E, F). 
The Reverse Transcriptase-Polymerase Chain Reaction (RT-
PCR) of frozen central neurocytoma tumour cells from the
initial and second operation demonstrated nestin products
(Fig. 2). The sequences of upstream and downstream for nestin
(209 bp) were 5′ -CAGCTGGCGCACCTCAAGAT-3′ (for-
ward) and 5′ -GGGAAGTTGGGCTC-AGGAC-3′(back-
ward). 
In vitro primary culture was done for both tumours in the
left lateral ventricle and in the 4th ventricle in different culture
media (Figs. 3-5). The tumour cells of CN in the lateral ven-
tricle were cultured at first in the Dulbeco’s Modified Essen-
tial Media (DMEM) (WellGENE, Daegu, Korea) with 20%
fetal bovine serum (FBS) (Invitrogen, Gaithesburg, MD, USA).
Within several days of primary culture in DMEM with 20%
FBS, cultured cells became slightly enlarged and elongated
(Fig. 3A). Several weeks after plating, cultured cells had in-
creased in size with bipolar or multipolar cytoplasmic sprout-
ing (Fig. 3B). Several months after plating, the cytoplasmic
Fig. 1. Imaging and pathological findings. (A) A T2 weighted brain MRI showed an inhomogeneous mass lesion in the left lateral ventricle.
(B) The tumour cells were demonstrated as central neurocytoma (×200). (C) A T1 weighted brain MRI with contrast taken at 15 months
after the initial surgery showed a residual mass lesion. (D) A T1 weighted brain MRI with contrast, taken at 45 months after gamma knife
radiosurgery showed a ill-defined enhancing mass lesion in the left lateral ventricle (open arrow) and in the 4th ventricle (closed arrow).
(E) The tumour in the 4th ventricle was confirmed as the same pathology as the previous one (×200). (F) An electron microscope demon-
strated that the perikaryal cytoplasm and cytoplasmic processes have electron dense core neurosecretory granules, 10 nm-neural tubules
(white arrow) and a synaptic junction (black arrow), the same finding as in the previous one (×8,000).
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Fig. 2. RT-PCR of frozen central neurocytoma tumour cells from
the initial and second operation demonstrated nestin products. 
1, CN from the initial surgery; 2, CN from the second surgery; 3,
1 Kb DNA ladder.
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process of cultured cells was markedly enlarged with variable
shapes (Fig. 3C). In contrast, the tumour cells of CN in the
4th ventricle were cultured at first when cultured in insulin,
transferring, selenium and fibronectin (ITSFn) media with
bFGF. Within several days of primary cell culture in ITSFn
with bFGF, uniform small round cultured cells were domi-
nant with their cytoplasmic processes (Fig. 3D). Several weeks
after plating, the round cells had increased in size without
elongation of their cytoplasm (Fig. 3E). Several months after
plating, cultured cells displayed round cell morphology with-
out prominent cytoplasmic process (Fig. 3F).
We had frozen the tumour cells obtained from the lateral
ventricle at the initial surgery and cultured in DMEM with
20% FBS. Several months later the frozen tumour cells were
thawed and sub-cultured again in different culture media:
DMEM with 10% FBS (Fig. 4A-C) and ITSFn with bFGF
(Fig. 4D-F). Within several days of culture in DMEM with
10% FBS, thawed cells returned to their original morpholo-
gy at the freezing (Fig. 4A). At 6 and 20 days after thawing,
the morphology of the tumour cells were the same as those
in the original cells from the primary culture in DMEM with
20% FBS as shown in Fig. 3B (Fig. 4B, C). When cultured
in ITSFn with bFGF, the thawed tumour cells returned to
their original morphology at the freezing within several days
(Fig. 4D). At 6 and 20 days after thawing, however, the mor-
phology of the tumour cells were similar to those of primary
culture tumour cells cultured in ITSFn with bFGF as shown
in Fig. 3E (Fig. 4E, F).
The immunocytochemical staining was performed for the
tumour cells of CN in the fourth ventricle cultured in the
ITSFn with bFGF (Fig. 5). Double labeling immunocyto-
chemical studies demonstrated coexistence of neuronal, glial,
and stem cell markers in the tumour cells of CN cultured in
the ITSFn with bFGF. Nestin-positive cells were co-labeled
with Tuj1 (Fig. 5A), Nestin-positive cells were co-labeled
with Glial fibrillary acidic protein (GFAP) (Fig. 5B). A2B5-
positive cells were co-labeled with GFAP (Fig. 5C), A2B5-
positive cells were co-labeled with MAP2 (microtubule asso-
ciated proteins) (Fig. 5D). O4-positive cells were co-labeled
with neuronal nuclear protein (NeuN) (Fig. 5E), GFAP-posi-
tive cells were co-labeled with Tuj1 (Fig. 5F).
B C A
Fig. 3. Tumour cells of CN in the left lateral ventricle cultured in 20% DMEM (A-C) and tumour cells of CN in the 4th ventricle cultured in
ITSFn with bFGF (D-F). (A) Within several days of primary culture in DMEM with 20% FBS, cultured cells became slightly enlarged and
elongated (×200). (B) Several weeks after plating, cultured cells had increased in size with bipolar or multipolar cytoplasmic sprouting
(×200). (C) Several months after plating, the cytoplasmic process of cultured cells was markedly enlarged with variable shapes (×400).
(D) When cultured in ITSFn with bFGF, uniform small round cultured cells were dominant with their cytoplasmic processes within several
days of in vitro primary culture of CN in the 4th ventricle (×200). (E) Several weeks after plating, the round cells had increased in size without
elongation of their cytoplasm (×200). (F) Several months after plating, cultured cells displayed round cell morphology without prominent
cytoplasmic process (×400).
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Fig. 4. Morphological changes of tu-
mour cells of CN in the left lateral ven-
tricle cultured in different culture me-
dia after thawing; DMEM with 10%
FBS (A-C) vs. ITSFn with bFGF (D-F)
(×400). (A) Within several days of cul-
ture in DMEM with 10% FBS, thawed
cells returned to their original morpho-
logy at freezing (×400). (B, C) The
morphology of the tumour cells at 6
and 20 days after thawing were the
same as those in the original cells from
the primary culture in DMEM with 20%
FBS as shown in Fig. 3B (×400). (D)
When cultured in ITSFn with bFGF, the
thawed tumour cells returned to their
original morphology at freezing within
several days (×400). (E, F) The mor-
phology of the tumour cells at 6 and
20 days after thawing were similar to
those of primary culture tumour cells
cultured in ITSFn with bFGF as shown
in Fig. 3E (×400).
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Fig. 5. Immunohistochemical staining of small round or bipolar tumour cells of CN in the 4th ventricle, cultured in ITSFn with bFGF. Double
labeling immunocytochemical studies demonstrated strong positivity for both neuronal and glial markers. Nestin-positive cells were co-
labeled with Tuj1 (A, ×400), Nestin-positive cells were co-labeled with GFAP (B, ×400). A2B5-positive cells were co-labeled with GFAP
(C, ×400), A2B5-positive cells were co-labeled with MAP2 (D, ×400). O4-positive cells were co-labeled with NeuN (E, ×400), GFAP-pos-
itive cells were co-labeled with Tuj1 (F, ×400).802 S.H. Paek, H.Y. Shin, J.W. Kim, et al.
DISCUSSION 
CN is a well-differentiated neuronal neoplasm, and was
first recognized by Hassoun et al. in 1982 based on its immu-
nohistochemical and ultrastructural features (5). Until now,
however, the tumour origin and its characteristics were not
completely understood. Several reports have demonstrated
that CN may have the ability to favor differentiation into
neurons and glia depending in the in vitro culture environ-
ment (7-10). In this study, we have found the stem cell nature
of CN, in RT- PCR of frozen samples as well as in vitro pri-
mary culture. 
RT-PCR from the frozen samples of both tumours obtained
from the 4th ventricle and the lateral ventricle demonstrat-
ed nestin expression, although EM study of both tumours
showed characteristics of neuronal origin tumours. Nestin is
a class VI intermediate filament protein expressed in the prolif-
erating progenitor cells in the developing CNS. The immu-
nohistochemical staining revealed nestin expression in human
brain of 6- to 40-week gestation (11). In this study, immu-
nocytochemical staining of tumour cells of CN cultured in
ITSFn media containing bFGF confirmed the co-existence
of GFAP+/Nestin+, Nestin+/Tuj1+ cells. GFAP is a mem-
ber of the intermediate filament protein family expressed pri-
marily in glial cells such as astrocytes (12, 13). Radial glia
cells, one type of neuronal stem cells in the developing brain
also express the GFAP (14). Tuj1, a monoclonal antibody
against neuronal class III b-tubulin is an early neuronal mar-
ker. MAP2 labels neuronal cells, their perikarya and neuronal
dendrites. NeuN reacts with most neuronal cell types. Cell
surface antibodies such as A2B5 and O4 specifically label cul-
tured oligodendroglial progenitors or immature oligodendro-
cytes (15). Thus the co-existence of A2B5+/MAP2+, A2B5+/
GFAP+ cells, GFAP+/Tuj1+ cells, and O4+/NeuN+ cells
of cultured tumour cells of CN infers that the CN had the
capacity to differentiate into both neurons and glia depend-
ing on the in vitro culture environment.
In contrast, immunocytochemical staining of tumour cells
cultured for more than one month in DMEM with 20% serum
mostly showed GFAP+ cells (data not shown). Thus these
findings suggest that the tumour cells of CN could be driv-
en into glial cell-lineage differentiation in in vitro primary
culture depending on the environment cue.
Valdueza et al. (10) described that cultured cells of CN were
positive for synaptophysin and GFAP after 24 hr of primary
cell culture. Synaptophysin immunoreactivity, however, van-
ished over the next two in vitro passages, whereas GFAP ex-
pression persisted. Patt et al. (8) and Ishiuchi et al. (7) des-
cribed that cultured cells of CN had characteristics interme-
diate between those of neurons and glia. Tsuchida et al. (9)
reported that spatial cell growth and the presence of colla-
gen, i.e., an extracellular matrix, may be necessary to retain
neuronal differentiation in CN. 
In the present study, the stemness of neuro-glial progeni-
tor cells of CN was maintained in cells cultured in ITSFn
media containing bFGF. bFGF is well known to play an im-
portant role in controlling the survival and proliferation of
neural precursors (16, 17). Gensburger et al. (16) found that
bFGF promoted the proliferation of neuronal precursor cells
in primary cultures of embryonic rat. Kilpatrick et al. (17)
observed that bFGF causes the proliferation of multipotent
neuronal progenitors in fetal mice. Kato et al. (18) suggest-
ed that neurosphere formation by mouse embryonic stem
cells is stimulated by cooperation between endogenous FGFs
and cystatin C, by emphasizing the importance of endoge-
nous bFGF produced from embryonic stem cells for neural
lineage differentiation. Kim et al. (19) also reported that CN
cells proliferated with the expression of the nestin gene in
response to bFGF. In addition, Sim et al. (20) had mentioned
interestingly that CN was especially notable for its differen-
tial overexpression of bFGF when compared with normal
adult human ventricular zone cells.
These findings suggest that CN cells mimic uncommitted
stem cells capable of differentiating into neuronal or glial cells
according to culture conditions originating from the remnants
of the subependymal germinal plate of the lateral ventricles. 
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